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y  Thii  project  was  aimed  at  determin,ing'-the  extent  to  which  metabolism  of 
trichloroethylene  (TCE)  to  trichloroacetic  acid  (TCA)  was  responsible  for  its 
hepatotoxic  and  hepatocarcinogenic  effects  in  rodents.  Ethanol-Ts~^b  be 'used 
as  a  more  or  less  selective  means  of  decreasing  the  production  of  TCA.  This 
inf ormation^wH.  1  be'' useful  in  determining  whether  these  effects  are  relevant 

to  human  exposures  to  these  chemicals.  _ _ 

During  the  first  year  of  this  project,  it'has  been  established  that 
dichloroacetic  acid  (DCA),  trichloroacetic  acid  and  chloral  hydrate  (CH)  all 
are  capable  of  inducing  single  strand  breaks  in  hepatic  DNA  of  both  mice  and 
rats  jp  vivo  ot  much  lower  doses  that  could  TCE_J)  The  mouse  was  found  to  be 
exceptional  ly  sensitive  to  TCa  in  this  regard ,  a  finding  that  reflects  the 
species  differences  in  the  hepatocarcinogenic  effects  of  TCE. 

^Metabolism  studies  suggest  that  the  production  of  TCA  can  be  modified  by- 
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(19.  cont.  )  ethanol  coadministration^.  At  a  1:1  molar  ratio,  this  effect  is' 
too  inconsistent  to  depend  upon  for  our  repeated  dose  studies.  Consequently, 
we  are  exploring  the  use  of  a  2:1  molar  ratio  at  non-saturating  doses  of  TCE 
(<  600  mg /kg  doses  K _ 

^Expef'imeht s ^conducted  to  evaluate  the  hepatoxic  effects  of  repeated 
administrations  of~TcE~"metabol  ites  have -'revealed  that  DCA  produces  a 
cytomegally  that  is  seen  uniformly  throughout  the  liver  of  the  mouse.  This 
effect  is  characterized  by  massive  accumulations  of  glycogen.  It  does  not 
produce  this  effect  in  rats  given  even  higher  doses,  nor  is  the  effect 
duplicated  completely  by  TCA.  In  addition,  mice  treated  with  DCA  are 
displaying  focal  areas  of  change  that  appear  preneoplastic  after  only  24 
weeks  of  treatment  with  DCA.  These  results  suggest  that  DCA  may  play  a  more 
important  role  in  the  hepatotoxic  and  hepatocarcinogenic  effects  of  TCE  than 
had  been  previously  appreciated.  .  — 
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INTRODUCTION 

Trichloroethylene  (TCE)  is  a  industrial  solvent  that  ie 
used  widely  for  degreasing  of  metallic  aurfacea.  This  uae 
haa  made  TCE  a  coaaon  chemical  of  occupational  exposure 
within  'he  Air  Force  and  a  frequent  contaminant  of  ground 
waters  in  the  vicinity  of  Air  Force  Bases.  Regulation  of 
TCE  by  civilian  agencies  <e.g.  USEPA)  has  focused  on  its 
carcinogenic  properties,  although  it  produces  a  variety  of 
other  toxicological  effects,  most  notably  hepatotoxicity . 

The  designation  of  TCE  as  a  carcinogen  has  been  very 
controversial  primarily  because  of  it  only  appears  to 
produce  tumors  in  mice  (NCI,  1978;  NTP,  1983;  NTP,  1985; 
Henschler  et  al,  1980;  Fukuda  et  al.,  1983)  despite  having 
been  tested  in  seven  species  of  rat.  TCE  is  weakly 
mutagenic  at  best  (Bull,  1985).  As  a  result  there  has  been 
considerable  debate  concerning  potential  mechanisms  by  which 
TCE  produces  tumors.  A  number  of  hypotheses  have  been 
developed  around  the  observation  that  TCE  is  metabolized 
less  extensively  in  the  rat  than  the  souse  and  the  fact 
that  metabolic  conversion  of  TCE  is  saturated  at  lower  doses 
in  the  rat  than  the  mouse  (Prout  et  al . ,  1935). 

It  has  been  recently  shown  that  trichloroethylene  is 
capable  of  inducing  proliferation  of  peroxisomes  in  the 
liver  of  mice,  but  it  is  less  effective  in  inducing  this 
effect  in  rats  (Elcombe,  1985).  This  property  of  TCE  is 
shored  by  trichloroacetic  acid  (TCA),  a  aajor  metabolite  of 
TCE  (Green  and  Prout,  1985;  Prout  et  al.,  1985).  TCA  has 
been  reported  ae  capable  of  inducing  peroxisomes  in  both 
mice  anc  rat*  (Elcombe,  1985'.  Since  peroxisome 
pr  o.  if  er  anon  has  been  associateo  with  a  variety  of  other 
compounds  thet  are  hepat'oear cinogenic  m  ‘rodents,  but  which 
either  -ackec  or  possesseo  very  minimal  oenotoxic  activity 
(Reacy  et  al.,  1983),  attention  has  raeer.tly  focussed  on 
thi*  as  a  potential  explanation  for  the  species  specific 
nature  ol  TCE's  carcinogenic  effects. 

There  are  a  number  of  steps  that  are  common  to  the 
metabolism  of  ethanol  end  TCE.  This  led  us  to  propose  that 
interactions  between  the  toxicological  effects  of  ethanol 
might  provide  useful  insights  into  the  mechanisms  involved 
l n  the  hepatotoxic  and  hepatocarcinogenic  effects  of  TCE. 
While  the  question  of  the  interactions  m  the  toxicology  of 
ethanol  and  TCE  are  still  of  interest,  soae  of  our  recent 
work  has  cast  doubt  on  the  current  hypotheses  that  attempt 
to  attribute  the  hepatotoxic  and  hepatocarcinogenic  effects 
simply  to  trichloroacetic  acid.  Thim  report  includes  data 
supplied  in  the  following  forma: 

1.  A  paper,  "Induction  of  DNA-strand  breaks  by 

trichloroethylene  in  rat  and  mouse  liver  i_n  vivo." 
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recently  submitted  to  Toxicology  end  Applied 
Toxicology . 

2.  A  progress  report  on  the  work  describing  the  effect 
of  dose  on  the  setabollas  of  TCE  and  the  sodif icationa 
induced  in  TCE  aetabolisa  by  ethanol  in  the  rat. 

3.  A  report  on  work  directod  at  identifying 
preneoplsstic  lesions  in  the  mouse  liver.  This  will 
include  soae  preliainary  data  which  suggeata  that 
dichloroacetic  acid  is  a  potent  hepatoxin  and 
hepatocarcinogen  in  nice. 

RESULTS 

Induction  of  single-strand  breaks  in  hepatic  DNA.  Host 
of  the  data  concerning  the  ability  of  TCE  or  its  aetabolites 
to  produce  single  strand  breaks  (SSB)  in_  vivo  are  included 
in  the  accoapanying  aanuacnpt.  Therefore,  the  data  will 
only  be  suaaanzed  and  discussed  as  they  pertain  to  the 
further  developaent  of  the  project.  Zt  is  iaportant  to  note 
that  aeasureaent  of  SSB  in  these  expenaenta  waa  done  4 
hours  after  the  administration  of  TCE  or  its  aetabolites. 
This  becoaea  iaportant  in  interpretation  of  our  results  to 
date . 


TCE  waa  found  to  induce  SSB  m  hepatic  DNA  of  rats  at 
high  doses  (e.g.  in  the  range  of  20-30  mmol  or  3-4  g/kg  body 
weight).  In  mice,  the  dose  required  wae  still  high,  but 
considerably  lower  than  required  in  rats  (e.g.  €>  aaol  or 
0.75  g /kg ) . 

As  reported  previously,  pretreetment  of  rot*  with  * 
phenoDorbitoi  or  low  doses  of  TCE  (below  those  required  to 
induce  SSB),  decreased  the  subsequent  (24  h  after  the  last 
pr etreataent )  challenge  doses  of  TCE  required  to  induce  SSL. 
Ethanol  pretreatserts  did  increase  the  rate  of  DNA 
unwinding,  but  not  significantly.  There  data  suggest  that 
TCE  requires  aetabolisa  through  a  ohenobar bital  and  TCE- 
inducible  pathway  to  produce  SSB.  Ethanol -senaitive 
pathways  appear  to  be  less  involved,  although  a  coaplex 
interaction  between  bioactivation  and  detoxification  steps 
(e.g.  phase  1  and  21  aysteas)  cannot  be  ruled  out  at  this 
tiae. 


We  have  subsequently  examined  the  ability  of  stable 
aetabolites  of  TCE  to  induce  SSB  in  hepatic  DNA  under 
similar  circumstances.  In  the  rat,  dichloroacetic  acid, 
trichloroacetic  acid  and  tr ichloroacetaldehyde  (chloral) 
were  all  capable  of  inducing  SSB.  Tr lchloroethanol  was 
inactive.  In  sice,  the  same  three  compounds  produced  SSB. 

To  compare  the  responses  between  the  two  species  we  provide 
an  estimate  (obtained  graphically)  of  the  dose  of  each 
metabolite  that  was  required  to  increase  the  fraction  of  DNA 
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unwound  in  2  hours  to  0.4.  The  comparison  of  different 
Metabolites  on  this  basis  is  provided  in  Table  1.  In 
general,  most  metabolites  of  TCE  were  somewhat  more  potent 
in  B6C3F1  mice  than  in  Sprague -Dawley  rata.  The  moat 
striking  difference  is  the  much  higher  potency  activity  of 
trichloroacetic  acid  in  mice  relative  to  rats. 

Approximately  l/20th  of  the  dose  is  required  to  produce 
equivalent  amounts  of  DNA  damage  in  mice  relative  to  rats. 

Studies  of  TCE  metabolism  and  its  modification  by 
coadminiatratlon  of  ethanol  have  progressed  very  rapidly  in 
the  past  few  months.  We  have  examined  the  influence  of 
using  doses  which  apparently  saturate  the  capability  for 
metabolizing  TCE  vs.  non-saturating  doses.  These  data 
suggest  that  we  need  to  evaluate  an  additional  lower  dose  of 
TCE  and  to  examine  the  influence  of  a  larger  dose  of  ethanol 
to  TCE  ratio  in  the  dosing.  Consequently,  the  data  and  the 
conclusions  drawn  from  it  this  report  should  be  considered 
preliminary . 

Figures  1  through  5  display  the  differences  in  the  time 
of  sppearance  and  disappearance  of  TCE  end  its  three  major 
metabolites  when  TCE  is  administered  at  saturating  (22.8 
mmol  or  3.0  g/kg)  or  non-saturating  <4.6  mmol  or  0.6  g/kg) 
doses  to  the  rat.  In  Figure  1  it  is  apparent  that  the  peak 
levels  of  TCE  in  blood  are  not  simply  dependent  upon  dose 
since  the  concentrations  in  blood  at  the  high  dose  were  less 
than  two-fold  those  observed  at  the  low  dose,  despite  the 
fact  that  the  dose  increased  by  five-fold.  On  the  other 
hand,  the  concentration  vs.  time  curve  indicates  that  the 
area  unaer  the  curve  (AUC)  is  roughly  proportional  to  the 
aose  of  TCE,  increasing  by  a  factor  of  6.3  (Table  2). 

a 

«  « 

The  peak  concentrations  of  the  metabolites  of  TCE  :r. 
blooo  were  delayed  and  their  persistence  in  the  blood 
(Figures  2  to  5>  appeared  to  depend  largely  upon  the 
prolonged  period  of  time  that  TCE  was  systemical  1  y 
available.  In  most  cases  the  terminal  elimination  curves 
dia  not  differ  si gni f i cant  1 y  at  the  two  doses  of  TCE, 
suggesting  that  excretion  of  the  metabolites  was  not  rate 
limiting. 

Am  might  be  surmized  from  the  above  data,  the  AUC  for 
the  metabolites  of  TCE  were  increased  by  the  higher  dose  of 
TCE.  However,  this  increase  was  not  In  direct  proportion  to 
the  dose  nor  the  AUC  observed  for  TCE.  In  Table  2  it  can  be 
aeen  that  lncraaaing  the  doae  of  TCE  from  0.6  to  3.0  g/kg 
increased  the  AUC  of  trichloroacetaldehyde  and 
trichloroacetic  acid  by  a  factor  of  2.3  and  trlehloroethanol 
by  3.0.  The  AUC  of  dichloroacatic  acid  waa  incraaaed  to  the 
smallest  extant,  by  a  factor  of  1.9  with  the  five-fold 
increaaa  in  doaa. 
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In  Table  3  the  effect  of  the  two  doses  of  TCE  on  the 
amount  of  each  metabolite  that  appears  in  the  urine  provides 
further  perspective.  Aside  from  the  possibility  of  further 
metabolism,  urinary  excretion  is  probably  the  only 
significant  route  of  excretion  for  the  three  metabolites, 
tr ichloroethanol  (free  alcohol  and  glucuronide  vclues  are 
combined  in  the  table),  dlchloroacetic  acid  and 
trichloroacetic  acid.  The  total  elimination  of 
tr ichloroethanol ,  including  its  glucuronide  (determined  by 
hydrolysis  with  beta-glucuronidase)  was  increased  by  a 
factor  of  only  1.4  with  the  five-fold  increase  in  the  dose 
of  TCE.  Conversely,  the  total  urinary  excretion  of 
trichloroacetic  acid  was  increased  by  a  factor  of  9.3,  to 
the  point  that  it  is  accounting  for  3X  of  the  total  dose  of 
TCE  compared  to  1.6*  at  the  low  dose.  Dlchloroacetic  acl4 
eliminaation  was  increased  by  a  factor  of  only  3.1.  Despite 
the  varying  effects  on  individual  metabolites,  it  is  clear 
that  the  proportion  of  trichloroethylene  that  is  metabolized 
to  products  that  are  excreted  in  the  urine  is  substantial ly 
reduced  at  the  higher  dose  as  well.  Only  8.3x  of  the  dose 
could  be  accounted  for  m  these  three  compounds  at  the  high 
dose,  whereas  19. 9x  was  found  at  the  low  dose. 

The  effects  of  ethanol  coadministration  on  TCE 
metabolism  has  led  to  equivocal  results.  Consequently,  we 
have  not  included  in  the  report.  In  summary,  we  have  found 
that  concentrations  of  trichloroacetic  acid  m  blood  ere 
decreased  with  ethanol  coadministration,  but  these 
differences  are  not  statistically  significant.  At  the  low 
dose  of  TCE,  but  not  at  the  high  dose  tr  ichloroethanol 
levels  also  appear  to  be  increased.  Again  the  data  are  too 
inconsistent  to  allow  firm  conclusions  one  way  or  the  other. 
A  similar  trena  is  observed  when  these  metabolites  are 
neesurec  in  unre.  The  magnitude  of  the  differences  are  toe 
large  to  be  satisfied  that  there  is  no  effect.  Therefore, 
we  intend  to  pursue  this  issue  until  values  converge  or 
statistically  significant  results  are  obtained.  One  factor 
may  be  that  we  have  only  uaea  a  1:1  molar  ratio  of  ethanol. 
We  intend  to  increase  this  ratio  to  2  in  our  next 
experimental  series  to  see  if  a  more  consistent  effect  can 
be  proauced. 

Since  the  hypotheses  we  were  pursuing  is  that 
trichloroacetic  acid  was  involved  in  the  hepatocsr ci nogenic 
ana  hepatotoxic  effects  of  tr ichloroethylene,  we  began  some 
long  term  studies  to  establish  whether  histological  changes 
could  be  produced  in  the  liver  with  trichloroacetic  acid. 
Dlchloroacetic  acid  has  also  been  investigated  because  it  is 
a  minor  metabolite  of  trichloroethylene  and  ia  closely 
related  to  trichloroacetic  acid.  It  is  important  to  realize 
that  it  is  produced  by  a  pathway  which  is  relatively 
independent  of  the  pathway  that  gives  rise  to 
trichloroacetic  acid.  This  pathway  does  not  involve  an 
aldehyde  intermediate  and  should  thus  be  less  susceptible  to 
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Modification  by  ethanol .  Neonatal  rata  were  initiated  with 
diethylnltroaaame.  When  they  were  weaned  (21  daya  of  age) 
they  were  placed  on  drinking  water  containing  5  g/L 
dichloroacetic  or  trichloroacetic  acids.  Other  anlaala 
received  500  ag/L  phenobarbi tal  as  a  positive  control  and  a 
fourth  group  received  distilled  water  as  drinking  water. 
Control  groups  that  received  no  dlethylnltroaaaine  were  also 
included.  Coapounda  that  are  peroxiaoae  prollferatora  do 
not  produce  foci  with  the  aaae  phenotypes  as  la  observed 
with  phenobarbital  proaoted  foci.  Consequently,  these 
experiments  are  aeant  primarily  to  provide  tissue  that 
contain  enzyse  altered  foci  with  dichloroacetic  and 
trichloroacetic  acid  so  that  their  staining  character latica 
could  be  confirmed,  so  a  ainiaal  number  of  animals  were 
involved.  No  sacrifices  of  these  aniaala  have  yet  been 
conducted . 

A  similar,  but  more  complete  study  waa  begun  in  mice 
(40  animals  per  group),  except  the  animals  received  no  prior 
initiation  with  dlethylnltroaaaine.  This  latter  approach 
was  taken  because  of  a  preliminary  report  which  indicated 
dichloroacetic  and  trichloroacetic  acids  were  capable  of 
producing  hepatic  tumora  in  B6C3F1  mice  ( Herren-Freund  at 
al . ,  1987).  Our  intention  is  to  sacrifice  5  animals  with 
each  treatment  at  approximately  15,  24,  3fe,  52  week 
intervals  and  to  leave  the  remaining  animals  for  overt  tumor 
development.  The  data  referred  to  here  are  taken  from  the 
first  two  sacrifice  periods.  Considering  the  result i  that 
were  obtained  at  these  time  points  we  have  begun  am  ale  on 
two  lower  doses  so  that  dose - r esponse  relationships  can  be 
defined.  The  groups  in  the  mouse  study  include  the 
following: 

a 

Control  -  distiileo  water 

Dichloroacetic  acid  -  1  g/L  of  drinking  water 

2  '*• 

Trichloroacetic  acid  -  1 

2  " 

Phenobarbital  -  0.5  *' 

Upon  aacnfice,  the  most  remarkable  finding  with 
dichloroacetic  acid  is  the  marked  liver  enlargement.  At  the 
aingle  doae  (2  g/L)  for  which  data  la  currently  available, 
liver  weight  as  s  percentage  of  the  body  weight  is  almost 
doubled  (Table  4).  A  emaller  increaae  la  aeen  with  2  g/L 
trichloroacetic  acid,  but  Ita  effects  are  comparable  to  that 
observed  with  0.5  g/L  phenobarbital.  The  effects  of  both 
compounds  is  observed  after  both  15  and  24  months  on  study. 

Histologically,  livers  from  dlchloroseetic  acid  show 
marked  changes.  The  most  prominent  end  consistent  finding 
was  the  marked  enlargement  of  liver  parenchymal  cells.  This 
hypertrophy  was  associated  with  e  marked  accumulation  of 
glycogen  as  observed  with  a  periodic  acid/ 
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Schiff  stain  (Huwaaon,  1967)  which  will  be  discussed  lster. 

At  the  15  week  sacrifice  we  noted  a  nuaber  of  areas  of 
focal  staining  for  glucoae-6-phoaphate  dehydrogenase  (G6PDH) 
under  oxygen.  Alerted  by  the  frequent  association  of  this 
staining  with  what  appeared  to  be  locally  infarcted  areas  on 
the  frozen  sections,  we  asked  for  assistance  fro*  Dr.  Chuck 
Leathers,  a  veterinary  pathologist.  At  his  suggestion  we 
investigated  whether  the  local  staining  could  be  attributed 
to  infiltrating  lymphocytes.  In  figure  £  a  frozen  section 
of  liver  taken  fros  an  animal  receiving  dlchloroacetic  acid 
shows  areas  of  positive  staining  for  G6PDK.  A  contiguous 
section  is  shown  in  figure  7  that  is  stained  for  G6P  (Benner 
et  al.,  1979)  displays  no  corresponding  area  of  staining. 
Examination  of  an  adjoining  section  stained  with  H&E  (figure 
8,  section  contains  some  artifact  because  stain  applied  to 
frozen  rather  than  fixed  tissue),  it  ia  clear  that  the  cella 
which  are  staining  positive  are  not  hepatocytas.  Figures  9 
and  10  simply  show  that  cells  with  similar  properties  are 
easily  identifiable  in  the  spleen.  These  splenic  cells  did 
not  stein  for  G6P  (data  not  shown).  The  cells  which  stain 
for  G6PDH  are  clearly  leucocytes.  In  our  view  these  data 
show  that  caution  must  be  exercised  in  identifying  areas  of 
staining  as  being  Indicative  of  altered  phenotype  in  liver 
parenchymal  cells. 

In  addition  to  the  G6PDH  stain,  frozen  sections  from 
the  15  and  24  month  sacrifices  have  been  stained  for  gamma 
glutamyl  transferase  (GGT;  Rutenburg  et  al.,  1968), 
canalicular  ATPase  (Wachstein  and  Meisel,  1957)  and  glucose- 
6-phospr.ataae  (G6P;  Benner  et  al.,  1979)  in  frozen  sections. 
To  this  point  in  time  no  foci  have  been  identified  using 
these  stains.  This  is  not  necessarily  contradictory  with 
results  with  HtE  staining,  since  these  measurements  have 
beer,  mace  on  ransom  sections,  whereas  the  H&E  sections  were 
done  exhaustively  from,  poraf  f  in-embeddeo  blocks.  Thus,  it 
is  entirely  possible  that  these  lesions  observed  with  Htt 
staining  would  stain  for  one  or  more  of  these  histochem ical 
markers . 

Based  on  our  experience  at  the  15  week  sacrifice,  we 
have  sectioned  completely  through  one  lobe  of  the  liver  from 
each  animal  and  stained  every  20th  section  with  hematoxylin 
and  eosin  <H  t  E).  This  was  done  in  part  to  be  certain  that 
we  were  not  misamg  some  changes  that  would  not  be  apparent 
m  the  frozen  sections.  In  tha  dichloroacatic  acid- treated 
animals  araaa  of  danaaly  packad  calls  that  appaar  to  ba 
mitotically  active  (Figure  11)  wars  observed  in  3  of  5 
animals.  Such  lesions  have  not  been  observed  in  control, 
trichloroacetic  acid  or  phenobarbl tel -treated  animals.  This 
section  also  makes  clear  tha  cellular  hypertrophy  that  is 
induced  by  dichloroacatic  acid  (i.e.  compare  to  normal  areas 
in  other  H  &  E  sections  provided).  Figure  12  staining  for 
glycogen  in  a  section  contiguous  to  the  section  in  figure  11 
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«nd  illustrates  the  accumulation  of  glycogen  in 
hypertrophied  cells.  These  figures  also  illustrate  that  the 
focal  area  observed  in  figure  11  la  glycogen  poor  coapared 
to  the  surrounding  cells. 

A  sussary  of  the  results  of  this  sectioning  is  provided 
in  Table  5.  Essentially  we  observed  that  there  are  a  number 
of  preneoplaatlc  lesions  becoming  apparent  in  dichloroacetic 
acid  treatad  animals.  While  numbers  of  animals  ara  too 
small  to  cone  to  firs  conclusions,  there  is  a  reasonably 
clear  trend  in  the  appearance  of  these  lesions.  Three  of 
the  five  animals  displayed  these  lesions  in  the 
dichloroacetic  acid-treated  groups  whereas  no  evidence  of 
these  lesions  has  been  observed  m  control  animals  or  in 
those  groups  treated  with  tr lcnloroacetic  acid  or 
phenobar bital . 


DISCUSSION 

The  ramifications  of  our  results  in  terms  of 
identifying  mechanisms  by  which  TCE  produces  hepatotoxic  and 
hepatocarcinogenic  effects  are  not  altogether  clear.  The 
ability  of  TCE  and  its  metabolites  to  induce  SSB  in  hepatic 
DN A  may  well  be  related  to  both  hepatotoxic  and 
hepatocarcinogenic  effects,  but  this  remains  to  be 
established.  At  present  all  that  can  be  concluded  is  that 
the  activity  of  these  metabolites  in  mice  and  rats  is 
consistent  with  the  rleative  sensitivity  of  these  two 
species  to  the  hepatocarcinogenic  effects  of  TCE.  In 
addition,  the  nature  of  the  metabolites  that  produce  this 
effect  (particularly  dichloroacetic  ana  trichloroacetic 
acids)  raises  questions  as  to  whether  SSb  are  directly 
inaucec  in  hepatic  DNA  or  wnether  a  inoirect  mechaniar  is. 
involved  (e.g.  inhibition  of  repair). 

If  the  induction  of  SSB  is  involve:  m  the 
hepatocarcinogenic  effects  of  TCE,  the  present  data  indicate 
that  the  effects  of  TCE  may  not  be  mediated  through  teactive 
intermediates  such  as  trichloroethylene  oxide  or 
dichlor oacety  1  chloride  as  has  been  suggested  by  other 
investigators  (Henschler,  1977;  Miller  end  Guengench,  1983; 

Hathway,  1980).  It  is  more  consistent  with  the  hypotheses 
put  forward  by  f.lcombe  (1985)  that  trichloroacetic  acid  may 
be  responsible  for  these  effects.  However,  our  data  is 
inconsistent  with  the  notion  that  SSB  induced  by  TCE  or  its 
metabolites  are  secondary  to  the  induction  of  peroxisome 
synethesis.  It  requires  days  to  weeks  for  peroxisome 
prol if erators  to  produce  e  maximal  response,  whereas  our 
data  show  SSB  to  occur  at  four  hours.  In  addition,  the 
increased  numbers  of  SSB  appears  to  largely  disappear  within 
24  hours.  Work  now  underway  indicates  that  the  peak  levels 
of  SSB  actually  occurr  within  the  first  hour  after 
administration  of  dichloroacetic  acid,  at  least. 

8  I 


The  results  presented  here  with  respect  to  the 
metabolism  of  doses  of  TCE  that  saturate  setabolic  affect 
TCE  aetaboliss  in  a  very  complex  way.  It  is  clear  free 
these  results  that  seasureaents  of  the  concentrations  of  TCE 
or  its  metabolites  et  one  tiae  point  in  blood  or  urine  give 
a  false  impression.  The  modest  increase  in  the 
concentration  of  TCE  in  blood  <1.6  tiaes)  with  a  five-fold 
Increase  in  dose  was  somewhat  surprizing.  The  basis  of  this 
observation  regains  to  be  established.  It  is  reasonable  to 
assume  that  the  damping  of  peak  TCE  concentrations  is 
related  to  the  partitioning  of  TCE  into  body  fat.  This 
would  be  consistent  with  the  greatly  extended  period  for 
which  TCE  remains  at  high  levels  in  blood  at  the  high  dose. 
Essentially,  fat  could  served  as  high  capacity  reservoir  for 
TCE  that  would  maintain  blood  levels  over  time.  Metabolic 
or  other  excretory  possibilities  could  not  account  for  this 
behavior.  The  only  other  plausible  explanation  would  be 
saturable  mechanism  for  TCE  absorption,  a  concept  for  which 
there  is  essentially  no  support. 

Undoubtedly,  the  dampened  peak  concentrations  of  TCE 
and  its  persistence  in  blood  at  the  high  dose  plays  an 
important  role  in  a  similar  dampening  of  peak  concentrations 
of  its  metabolites  in  blood,  their  persistence  in  blood  and 
prolonged  excretion  in  urine.  There  also  was  an  marked 
decrease  m  the  overall  metabolism  of  TCE  at  the  high  dose 
relative  to  the  low  dose.  However,  the  decrease  in  the  AUC 
for  individual  metabolites  was  not  simply  related  to  the 
overall  decrease  in  metabolism.  In  the  case  of 
dichioroacetic  acid,  the  AUC  was  increased  by  a  factor  of 
1.9,  b»i  the  amount  excreted  was  increased  by  a  factor  of 
3.0  when  the  dose  of  TCE  was  mcreaaea  five-fold.  The  sene 
c:  r  cult  stance  resulted  in  a  urinary  excretion  of 
tr  ichlor oethanol  plus  its  glucuromde  of  only  1.4  fold,  but 
the  AUC  for  free  tr ichioroethanol  in  blood  increased  by  2.3. 
The  most  interesting  metabolite  wae  trichloroacetic  acid 
because  its  overall  production  as  measured  by  urinary 
excretion  actually  increased  by  9.3-fold,  almost  twice  that 
which  would  have  been  expected  from  the  five-fold  Increase 
in  dose.  On  the  other  hand,  its  AUC  was  increased  by  only 
2.3-foid. 


Examination  of  the  urinary  metabolites  of  TCE  provides 
a  basis  for  speculating  about  processes  that  might  be 
controlling  changes  in  TCE  metabolism  at  saturating  doees. 
The  convers'on  of  TCE  to  tr  ichioroethanol  is  inhibited  at 
high  doses  to  a  such  greater  extent  than  the  other 
metabolites.  This  cannot  be  simply  attributed  to  saturation 
of  cytochrome  P430  dependent  oxidations  because 
trichloroacetic  acid  is  derived  from  the  same  intermediate 
as  tr  ichioroethanol  <i.e.  tnchloroacetaldehyde)  and  its 
production  is  actually  increased  relative  to  the  dose 
earn  mistered  .  We  suggest  that  inhibition  of  gl ucur oni dat 1  on 
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of  tri chioroethanol  occur*,  probably  aa  a  result,  of  depleted 
UDPGA  stoves.  The  smaller  renal  clearance  of  free 
trlchloroethanol  would  favor  oxidation  of 

tr ichloroacetaldehyde  to  trichloroacetic  acid  which  la  sore 
readily  cleared  by  the  kidney  in  an  uncon3ugated  fora. 

Prior  studies  of  TCE  metabolise  at  high  doses  have 
often  focused  on  measurements  of  TCE  or  Its  metabolites  in 
blood  or  urine  at  one  point  in  time  (Buben  and  O'Flaherty 
1985;  Green  and  Prout,  1985;  Prout  et  *1.,  1985;  D' Souza  et 
al.,  1985;  Roulaae  and  Chakrabarti,  1986).  Such  comparisons 
would  tend  to  exagerate  the  importance  of  differences  in 
metabolism  as  being  important  m  the  toxicological  effects 
of  TCE,  particularly  if  such  measurements  were  confined  to 
the  first  24  hours  after  exposure.  Consideration  of  the 
AUCs  of  these  metabolites  indicates  that  the  exposure  is  not 
as  different  from  what  would  have  been  predicted  by  the 
increase  in  dose.  Finally,  it  is  important  to  realize  that 
the  relationship  between  the  AUC  and  the  toxic  and 
carcinogenic  effects  of  TCE  will  depend  substantially  on  the 
mechanism  by  which  TCE  induces  these  effects.  Genotoxic 
effects  directly  exerted  by  TCE  or  one  of  its  metabolites 
may  be  directly  proportional  to  the  AUC.  A  linear 
relationship  between  AUC  and  toxicity  mediated  through  other 
mechanisms  would  not  necessarily  be  expected  if  the  effect 
was  reversible. 

The  investigation  of  the  effects  of  dachloroacet ic  ana 
trichloroacetic  acids  on  liver  histology  was  undertaken  to 
obtain  a  more  realistic  assessment  of  whether 
trichloroacetic  acid  could  account  for  hepatotoxic  and 
hepatocarcinogenic  effects  postulated  by  Elcombe  (1985>. 
Involvement  of  trichloroacetic  acid  in  these  responses  is 
mporiant  to  our  hypothesized  interactions  with  ethanol. 

Our  original  proposal  was  built  around  the  notion  that 
alterations  in  the  production  of  trichloroacetic  acio  from 
trichloroethylene  with  ethanol  would  provide  direct 
information  as  to  its  involvement  in  the  hepatotoxic  anc 
hepatocarcinogenic  effects  of  TCE.  Our  data  on  induction  of 
strand  breaks,  particularly  the  large  difference  m  potency 
between  trichloroacetic  acid  in  mice  vs.  rats,  suggests 
that  the  hypothesis  is  reasonable.  Our  histological  data 
(as  preliminary  as  it  is)  and  metabolic  data  cast  some  doubt 
as  to  whether  the  effects  can  be  attributed  specifically  to 
trichloroacetic  acid.  They  indicate  that  we  must  more 
specifically  consider  the  role  of  dichloroacet  ic  acid  in 


these  responses.  Our  metabolic  data  indicates  that  if  there 
is  an  effect  on  trichloroacetic  acid  formation  by  ethanol 
(data  is  still  Inconclusive  as  describ'd  above),  it  will 
also  affects  dlchloroacetic  acid  to  roughly  the  same  extent. 
If  this  trend  is  confirmed  with  futher  experimentation,  we 
will  have  to  resort  to  more  specific  inhibitors  of 
trichloroacetic  acid  formation  (e.g.  inhibitors  of  aldehyde 
ydrogen***)  to  isolate  its  contribution  to  the 
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hepatotoxic  and  hepatocarcinogenic  affects  of  TCE.  The 
histological  data  strongly  suggests  that  the  potency  of 
dichloroacetic  scld  ss  a  hcpatotoxin  and  possibly  as  a 
hepatocarcinogen  say  be  considerably  greater  than  for 
trichloroacetic  acid  in  the  nouse  despite  its  greater 
ability  to  produce  single  strand  breaks  m  this  species. 
This  reinforces:  the  need  to  proceed  systematically  in  this 
regard . 


WORK  PLAN  FOR  YEAR  2  AND  BEYOND 

It  is  our  Intent  to  continue  pursuit  of  the  general 
aims  of  our  original  proposal.  Those  were  to  determine  what 
role  trichloroacetic  acid  plays  in  the  hepatotoxic  and 
carcinogenic  effects  of  trichloroethylene  and  to  investigate 
the  importance  of  peroxisome  proliferation  to  these 
responses.  These  questions  have  practical  as  well  as 
scientific  implications.  There  is  considerable  amount  of 
controversy  over  whether  a  chemical  such  as 

trichloroethylene  should  be  regulated  as  a  carcinogen.  This 
is  in  part  due  to  the  fact  that  it  has  not  been  possible  to 
show  that  it  is  carcinogenic  in  species  other  than  mice. 
Because  of  Its  limited  genotoxic  activity  there  is  also 
considerable  question  as  to  the  mechanism  by  which 
trichloroethylene  induces  cencer  even  m  mice.  If  its 
effects  are  mediated  through  a  mechanism  such  as  peroxisome 
proliferation,  it  is  clear  that  no  additional  risk  for 
cancer  would  exist  at  doses  below  those  inducing  peroxisome 
proliferation .  If  such  was  the  case,  then  extrapolation  of 
r^sks  to  low  doses  should  not  rely  on  linearized  models  of 
risk.  Consequent  1 y ,  pinpointing  the  mecnanism  that  is 
responsible  can  affect  estimations  of  what  are  hazarcous 
exposures  by  orders  of  magnitude. 

Wr.at  may  have  to  change  in  our  worr.  le  the  methoc  by 
which  we  pursue  these  questions.  While  it  is  premature  te¬ 
state  this  for  certain,  our  data  suggest  1)  that  the  use  of 
ethanol  may  not  be  the  appropriate  to  l&clate  the  role  of 
trichloroacetic  acid  in  these  responses  and  2) 
dichloroacetic  acid  may  play  a  more  important  role  in  the 
responses  trichloroethylene  than  has  been  previously 
appreciated.  A  logical  modification  m  our  experimental 
design  to  address  point  Ml  would  be  to  use  more  specific 
inhibitors  of  aldehyde  dehydrogenase.  This  should  decrease 
the  formation  of  trichloroacetic  acid,  but  should  have 
little  effect  on  the  formation  of  dichloroacetic  acio  from 
its  precursor  dichloroacetyl  chloride.  The  second  question 
must  be  addressed  by  developing  comparative  dose-response 
information  on  the  hepatotoxic  and  hepetocarcinogenic 
effects  of  dichloroacetic  and  trichloroacetic  acids.  As  has 
been  indicated  above  such  studies  are  underway. 

Therefore,  over  the  next  year  our  work  will  concentrate 
on  the  following  research  questions: 


1.  Confirm  tne  non-linear  relationships  in  TCE 
metabolism  by  Including  another,  lower  dose  (e.g.  0.12 
g/kg) . 

2.  Extend  the  aetabollsa  work  to  B6C3F1  mice  ss 
described  in  the  original  proposal. 

3.  Detersine  whether  ethanol  specifically  aodifies 
netaboliss  of  trichloroethylene  to  trichloroacetic  acid 
at  less  than  saturating  doses  of  both  compounds.  Work 
will  include  a  higher  ethanol  to  trichloroethylene 
ratio  than  the  1:1  aolar  ratio  used  to  date. 

4.  Determine  whether  covalent  binding  of  TCE  and  its 
metabolites  change  when  trichloroethylene  metabolism  to 
trichloroacetic  acid  is  modified  with  ethanol  or 
inhibitors  of  aldehyde  dehydrogenase  (see  #5) .  These 
experiments  will  be  performed  using  l*C-labelled 
trichloroethylene . 

5.  If  ethanol  proves  not  to  be  suitable  as  a 
relatively  specific  modifier  of  trichloroethylene 
metabolism,  we  will  investigate  the  use  of  aldehyde 
dehydrogenase  Inhibitors  such  as  Disulfiram  to  see 
whether  the  formation  of  trichloroacetic  acid  from 
trichloroethylene  can  be  more  specifically  modified. 

6.  We  will  continue  the  ongoing  experiments  to  produce 
tumors  in  B6C3F1  mice  with  trichloroacetic  acid  and 
trichloroacetic  acid.  This  will  allow  their 

hi stochemical  staining  properties  to  be  definec  anc 
validated  for  use  as  markers  of  pr eneopl ast ic  change. 
Tr.is  is  ->eeaed  to  conduct  interaction  studies  for 
periods  of  time  less  then  that  required  for  overt  tumor 
development  <e.g.  months  rather  than  years).  ft  this 
point  in  time  glycogen  depletion  and  H&E  stains  are 
very  promising.  Based  upon  previous  work  of  Herren- 
Freund  et  al.  (1967)  these  look  like  they  will  be 
relatively  low  frequency  lesions,  and  all  may  have  a 
high  llklihood  of  going  all  the  way  to  hepatocellular 
carcinoma.  This  is  attractive  from  a  predictive  point 
of  view,  but  the  low  frequency  precludes  the  use  of 
random  sections  of  the  liver  to  demonstrate  the  lesion 
and  may  make  it  difficult  to  operate  with  an 
experimental  period  of  less  than  9  months.  Such  a  long 
period  will  limit  the  amount  of  interaction  work  that 
can  actually  be  done. 

7.  Assuming  that  our  metabolic  work  provides  data 
supporting  a  relatively  straight-forward  interaction 
study  can  be  conducted  with  ethanol,  we  anticipate  that 
experiment  beginning  about  the  first  of  April.  If  it 
is  necessary  to  go  to  alternate  means  of  modifying 


tr ichloroeceti c  acid  production,  these  studies  would 
not  be  initiated  until  the  first  of  June  to  allow 
working  out  of  doses  of  aldehyde  dehydrogenase 
inhibitors  to  be  based  on  solid  metabolic  data. 

6.  We  will  attespt  to  clearly  dissociate  the  effects 
of  trichloroethylene  and  its  setabolites  for  inducing 
strand  breaks  froa  peroxisome  proliferation.  Our  data 
indicate  that  single-strand  breaks  occur  before  the 
liver  is  able  to  increase  beta-oxidation  of  fatty 
acids.  A  tiae  course  for  induction  of  SSB  will  be 
compared  to  the  time  course  of  increased  capability  lor 
peroxisomal  beta  ox .dation  early  in  the  second  year. 

The  assays  are  in  hand  and  the  positive  control 
experiments  with  Clofibrate  in  B6C3F1  mice  have 
demonstrated  induction  of  peroxisome  synthesis. 
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Table  1.  Activity  of  tr lchloroethylene  and  It*  aetabolitea 
in  inducing  alngla  atrand  braaka  in  hepatic  DNA  of  aica  and 
rata. 


I 


■t 


/ 


i 


! 

i 

I 


Compound 

Sprague-Dauley 

Rata 

B6C3F1 

Mice 

Trichloroethylene 

30* 

•  • 

Dichloroacetlc  acid 

0.35 

0.6 

Tr ichloroacetaldehyde 

2.9 

2.7 

Tr ichloroethanol 

Inactive 

-- 

Trichloroacetic  acid 

1.9 

0.1 

•  Doaa  in  aaoJLea/kg  that  waa  required  to  lncreaae  the 
fraction  of  DNA  unwound  in  2  houra  at  0°  C  to  0.4. 

•  •  Although  TCE  Induced  SSB  at  lower  doaaa  in  nice  than 

rata,  doaaa  which  would  reach  the  criteria  of  0.4  atated 
above  were  lethal  in  thia  apeciea. 


/ 


16 

^>lhOftoY.i0UTWhA?*.V..V.I 


Tabic  2.  Average  area  under  curvet  (AUO  for 
tr lchlorothylene  end  its  aetabolit.ee  in  rat  blood  following 
administration  of  eaturating  and  non-maturating  doaea  of 
trichloroethylene . 


Doae  of  Trichloroethylene  High  Dome 
Compound  4.6  mmolea/kg  22.8  maola/kg  Low  Doae 

BBBBsi£SBB8BB8BBBSBBSS8SBBSBBss8BS8B8sa8B8B8S8S88S8BussSBSS£B 


Trichloroethylene 

2102  ♦ 

238* 

13317  ♦ 

1229 

6.3 

Dichloroacetic  acid 

536  * 

148 

1036  ♦_ 

155 

1.9 

Tr i chi oroacet aldehyde 

7.8 

♦  1.3 

18.0 

♦  2.3 

2.3 

Tr ichloroethanol 

105  * 

17 

316  ♦ 

40 

3.0 

Trichloroacetic  acid 

5674  ♦ 

1329 

13030  i 

5620 

2.3 

Area  under  the  curve  warn  calculated  using  the  1 tnear- 
trapezoldal  rule.  Theme  values  mre  expressed  in  terms 
of  umole-h/L  and  represent  the  mean  of  6  animals  *  SEM. 
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Tabla  3.  Urinary  axeration  of  tr lchloroathanol , 
dlchloroacatlc  acid  and  tr lchloroacatlc  acid  following 
aaturating  and  non-aaturatlng  doaaa  of  trlchloroathylana 


Hatabol ita 

Tlaa 

4.6  aaol/kg 

22.6  aaol/kg 

Tr lchloroathanol 

0-24  h 

790  ♦  410* 

796  ♦.  128 

24-46  h 

26  1  37 

338  ♦  226 

48-72  h 

ND 

1.1  ♦  1.6 

Total 

810  i  410 

1135  ♦  106 

(k  of  doaa) 

(17. 8  i  9.0) 

<5.0  ♦  0.5) 

Dichloroacatlc  acid 

0-24  h 

18.4  ♦  10.0 

27.8  ♦  10.7 

24-46  h 

2.2  i  1.8 

33.9  ♦  12.6 

48-72  h 

ND 

1.3  *  1.1 

Total 

20.4  i  9.5 

63.0  ♦_  19.0 

<x  of  doaa) 

<0.45  ♦  0.21) 

<0.27  *  0.08 

Tr lchloroacatlc  acid  0-24  h 

61  ♦  48 

294  ♦  139 

24-48  h 

12.6  ♦  11.9 

341  ♦  222 

48-72  h 

ND 

20  ♦  26 

Total 

73  ♦_  52 

674  ♦  221 

(X  of  doaa) 

<1.6  ♦  1.2) 

<3.0  ♦  1.0) 

•  Valuaa  txprittcd  aa  aaol/kg  body  waight  of  tha  aatabolita 
axcratad . 
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Table  4.  Effacta  of  dichloroacetic  and  trichloroacetic 
acida  on  liver  weight  of  male  B6C3F1  mice. 

Liver  weight 

Compound  g  x  body  weight 

tttftsotoxotftastttittittOKtiiottiooitititctxt 

IS  weeks 

Control  <Diat.  H2O)  1.06  1  0.05  3.2  *  0.10 

Phenobarbital  0.5  g/L  1.34  ♦  0.16*  4.2  t.  0.35* 

Dichloroacetic  acid  2  g/L  1.80  1  0.15*  5.6  ♦_  0.33* 

Trichloroacetic  acid  2  g/L  1.34  1  0.09*  4.1  ^  0.14* 

24  weeks 

Control  1.06  ♦.  0.04  2.8  ♦_  0.17 

Phenobarbital  0.5  g/L  1.24  1  0.04*  3.7  ♦  0.09* 

Dichloroacetic  acid  2  g/L  1.78  ♦  0.07*  5.4  ♦  0.05* 

Trichloroacetic  acid  2  g/L  1.44  l  0.05*  4.2  *  0.14* 

•  Statistically  different  fro»  corresponding  negative 
control  P  <  0.05,  n*5. 
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Table  5.  Appearance  of  prer.eoplastic  foci  in  the  liver  of  BSC3F1  mice 
exposed  to  dichloroacetic  and  trichloroacetic  acids  for  24  months. 


Treatment 

N 

Total  * 
foci 

*  Animals 
with  foci 

Distilled  water 

5 

0 

0 

Dichloroacetic  acid 

5 

4 

3 

Trichloroacetic  acid 

5 

0 

0 

Sections  were  taken  every  150  M  through  the  central  lobe  of  the 
liver.  Focie  were  identified  as  areas  of  increased  basophilia  and 
glycogen  depletion.  Foci  ranged  from  300  -  700  P  in  diameter. 
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•  5.  Blood  concentrations  of  trichloroacetic  acid  in 
f ol low t  nq  arimlnlstrstl on  of  aaturatinq  (3  q/kq)  end 
aturatlnq  <0.6  q/kq>  doses  of  trichloroethylene.  Each 
represents  the  avereqe  of  at  least  5  animals. 
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Figure  6.  Section  of  liver  from  a  B6C3F1  mouse  that  had  received 
dichloroacetic  acid  its  drinking  water  for  15  weeks  showing  focal  areas 
of  staining  for  G6FDH. 
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Figure  7.  Contiguous  section  to  that  shown  in  figure  6  stained  for  G6F. 
No  evidence  of  staining  was  observed  in  any  region  corresponding  to 
those  observed  in  figure  6. 
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F’gur&  ?  Hematoxylin  and  eosin  staining  of  section 
chGvr.'in  figure  6.  Note  that  areas  corresponding  to 
are  not  hepatocytes. 


adjacent  to  the 
G6PDH  staining 


Figure  9.  Section  through  the  spleen  of  a  B6C3F1  mouse  stained  for 
GGPDH  showing  focal  areas  of  staining  similar  to  that  seen  in  the  live 
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Induction  of  DNA-Strand  Breaks  by  Trichloroethylene  i  r.  hat  and 
house  Liver  _[_n  Vivo.  Nelson.  h.A.  and  Bull.  ft.J.  (1987). 

Toxicol .  A p p I .  F  harmaco 1 .  CC,  fc-000.  The  present  stud,  examines 
whether  TCE  is  capable  or  producing  s  i  ng  l  e  -  s t rand  breaks  (SSB)  in 
the  ON  A  or  rat  and  mouse  liver  jrn  vivo  and  the  extent  to  which 
metabolites  might  be  responsible  tor  these  eftects.  Alter  a 

single  oral  dose  of  TCE,  SSB  were  measured  in  hepatic  Oh*  of  male 
Spr a gue - Law  I ev  rats  and  B6C3F1  mice  using  the  alkaline  unwinding 
assay.  High  doses  of  TCE  increased  SSB  in  both  species,  but  mice 
were  more  sensitive.  To  investigate  the  contribution  ot  the 
metabolism  ot  TCE  on  this  response,  rats  were  sue iected  to 
pr e t r eatments  or  ethanol  (3.C  g,kg.  p.c. ).  phenoba r e i ta 1  (SC 
mg  kg.  i.p.).  TCE  (3.6  mmol /kg  or  11. »  mmol/ kg.  p.c.-  or  the 
appropriate  vehicle  tor  a  davs  prior  tc  challenge  doses  cr  TCE. 
F henoba r b  :  ta  1  ana  TCE.  but  not  ethanol  pi  etr  ea  tmer,  t  s .  reduced  the 
dose  ot  TCE  required  to  produce  significant  increases  l  r  SEE.  1  r. 
a  thirc  series  ot  experiments  mice  and  rats  were  e> posed  to 
varying  coses  or  trichloroacetic  acid  (TC-..  d  i  ch  1  or  oa  c  e- 1  i  c  acid 
iDCAs.  chloral  hydrate  <CH>.  or  t  r  i  ch  i  c-r  oe  t  ha  no  I  «  T  CEu-.  .  TCA, 
DC  A.'  anc  CH  induced  DhA  -  s  t  r  ano  breaks  ;r.  a  dose  -  de  pence  r  f  manner 
i  ri  liver  tissue  trom  both  species.  TCEuri  failed  to  produce  DI1A- 
strand  breaks.  In  the  rat  DCA  was  much  mere  active  in  producing 
S£fc  than  TCA.  TCA  and  CH  appear  to-  have  acout  the  same  activity. 
In  mice.  TCA  was  as  effective  as  DCA  in  inducing  C'.A-strand 
breaks.  Both  TCA  and  L>Ca  were  much  more  potent  than  Ch.  TCE  arid 
its  metacolites  increased  SSB  at  doses  that  produced  no 
observatie  hepatotoxic  etrects  as  measured  bv  .  r  urn  aspartate 
am i no t r a r s i e r a se  ( AST  /  and  alanine  aminotransferase  (ALT) 
levels.  Tnese  observations  indicate  that  TCE  is  capable  ot 
inducing  SSB  in  DNA  i_n  v  ivo,  and  that  the  ettec*.  car,  be 
duplicated  at  much  lower  doses  bv  three  stable  metabolites  or 
TCE.  The  ability  or  a  maior  metabolite  cr  TCE,  TCA.  tc  induce 
Sit  l  r.  r.epatic  DNA  i_n  vivo  appears  tc  coincide  wit:  species 
sensitivity  to  the  he  pa t oca r c l nogen i c  etterts  oi  TCE. 

• 

Trichloroethylene  (TCE)  is  used  extensively  as  an  lr.oustrial 


degreasir,  g  agent  and  as 
1  9  7  7  >  .  it  is  commonly 
frequent  contaminant  of 
e  t  a  I  .  .  1  933  >  . 


a  household  cleaning  fluid  ‘.Waters  et  al. 
round  in  waste  disposal  sites  and  is  a 
both  surface  and  ground  waters  -west  rick 


TCt  produces  an  increase  in  the  incioer.ee  ot  liver  neoplasms 


in  mice 

cut 

not 

rats 

(NCI. 

1976 

and 

NTF.  1963 ).  A  number  ot 

exp  l ana  t 

ions 

ha  ve 

been 

ottered 

1  o  r 

t  tie 

difference  in  tumor l genic 

r  e  s  p  o  n  s  e 

s  between 

t  he 

two 

s  pec i e  s . 

First,  the  rate  ot  TCE 

metabolism  is  much  greater  in  the  mouse  than  in  the  rat.  This  is 
pel ticuiai  ly  noticeable  at  high  doses  t  ;  7,6  mmol.kg;  where  the 
proportion  ol  TCE  excreted  unchanged  markedly  increases  in  the 
rat  but  less  so  in  the  mouse  (Frout  and  Green,  1965;.  TCE  is 
also  more  effective  in  inducing  liver  peroxisomes  in  mice 
compsrec  tc  rats  (Elcombe.  1985;.  a  property  which  has  been 
associated  with  hepatic  carcinogenesis  iReddv  et  al..  1963). 
Tr  ic  Mere  acetic  acid  (  T  C  A  ;  is  the  metabolite  of  TCE  that  has  beer: 
postulated  to  be  responsible  tor  peroxisome  inauetion  (E 1  combe, 
1965  -  . 

TCE  is  metabolized  b.  the  hepatic  microsoma!  ir,  l  x  ed  -  r  unc  t  i  on 
oxidase  svsterr,  containing  cvtochrome  F-<*5C  to  intermediates  that 
car,  tv  rearrangement  lead  to  the  rormation  or  chloral  hvdrate 
<CH;  or  a  i  ch 1  or oace t v I  chloride  (E'ekant  et  al.,  1965:  Miller  and 
'jueiiier  i  :r,i  1965;.  CH  can  be  reduced  to  t  rich  loro  eth  an  oi  'TCEJH; 
or  oxicicea  to  trichloroacetic  acid  (TCAi.  Hydrolysis  of 
a > c n i c r c =  ;e t v 1  chioride  leads  to  the  formation  or  flichloroacet ic 
acid  i  L;  C •  iHathway.  196C'<. 

TCE  has  beer,  shown  to  covalently  bind  to  ON  A  when  incubated 
i  r,  the  presence  or  hepatic  microsomes  or  the  S9  fraction  i_n  vitro 
1  *  a  n  L  u  u :  e  n  ano  Eaneriee.  1  i1  ,  E  :  Eaneriee  ano  Van  E'uuren,  19”c: 
Cunningham  et  al..  1361:  OiRenro  et  al..  1965».  However,  the 
level  cr  T  CE  -  me  t  a  bo  I  1 1  e  binding  to  hepatic  DHA  i_n  vivo  is  very 
low  iparchman  and  Magee.  1965;  bet gman.  1963;.  The  lack  of  a 
demons  t  r  at  l  e  level  of  covalent  interaction  or  TCE  w  l  t  h  ON  A  i_n 
V  i  v  o  has  I  to  to  suggestions  that  TCE  is  an  epigenetic  carcinogen 
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(Schumann  et  a  I  . ,  I960:  Stott  et  al . ,  1961).  The  present 
investigation  examines  whether  TCE  is  capable  ot  less  direct 
interaction  with  Dll  A  i_n  vivo  such  that  SEE  are  induced.  Once 
this  was  established  we  determined  whether  this  ertect  was 
modi  l  '  •••d  bv  inducing  cytochrome  F-aEC  isozymes  with 
phenoba r b 1 ta  1  .  ethanol,  or  TCE- pr e t r ea tme n t s  and  the  extent  it 
might  be  produced  by  metabolites  ct  TCE. 


METHODS 

Chenu  Co  I  s 

Phenol  and  TCE  were  obtained  trom  Fisher  Scientific.  CH. 
DC  A .  TCEOH.  and  TCA  were  purchased  trom  Sigma  chemicals.  Purity 
ot  administered  chemicals  was  confirmed  bv  gas-liquid 
chromatography.  D i am  1 nobenzo 1 c  acid  (DAEsA)  was  obtained  trom 
hoaak  cr.emica  I  company. 
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Ar.  lira  Is  and  Exrosuies 

Ma  .  e  Spx  ague-Daw  i  ev  rats  weighing  3CC-ui>Cg  <  t  r  om  .ash,  St. 
Uni v.  Lao  Animal  Resource  Center!  and  male  B6C3F 1  nice  (trom 
Simonser.  Labs,  Ca.f  weighing  LS-3Cg  were  used.  The  anirals  were 
housed  ;  n  temperature  controlled  looms  with  ll-hr.  light-dark 
ode.  rood  (Purina  Laboratory  Rodent  Chow.  Ra  I  ston-Pu:  i  na  Cc-.. 
i  t. .  Louis.  Mu.  -  ano  water  were  provided  ad  libitum. 

In  the  rust  set  ot  experiments,  single  doses  :r  TCE  or 
lroividuai  metabolites  were  administered  tol lowing  C-ernight 
lasting  c.o.  in  a  total  volume  1C  ml  or  a  1%  aqueous  s: , jt ion  ct 
Tween  6C  kg  body  weight.  Control  animals  received  an  ecuivalent 
volume  c:  vehicle.  Four  hours  arter  treatment,  the  amreis  were 
saciificed.  10%  liver  suspensions  prepared,  and  SSt  deterrineo  as 
desciibec  below. 

In  a  second  series  ot  experiments.  rats  were  sut -ected  to 
daily  treatments  or  ethanol  (C  or  3.C  gkg.  p.o.>,  phenczar  tu  ta  I 
( C  oi  mg  kg,  i  .  p .  ) .  TCE  iC  or  3,6  or  ll.a  mmol /  kg,  p.o,).  or 
tr.e  app-r  :n  late  vehicle  pr  et  r  ea  tment  «  tor  4  days  p-rio:  to  tfie 
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administration  ot  challenge  doses  ranging  from  3.6  to 
30  mmol  TCk-kg.  Animals  were  sacriiiced  tour  hours  alter 

administration  ot  the  TCE  challenge  dose  as  described  below. 
Alkaline  Unwinding  Assay 

Tc  measure  SSE  in  ONA.  a  moditied  version  or  the  alkaline 
unwinding  assav  of  Morris  and  Shertrer  (1566)  was  used.  This 
assay  measures  the  rate  oi  transition  ot  doub 1 e  -  s t r anoed  DMA  tc 
s  i  rig  I  e  -  s  t  r  anoed  E'NA  during  alkaline  oe  r.a  t  ur  a  1 1  or. .  DhA-strana 
breaks  serve  as  points  at  which  unwinding  is  initiated  'Rydberg. 

Therefore,  the  more  DI4A.  -  s  t  r  and  breaks  present.  the  more 
iapid  the  transition  or  doub 1 e - s t r a nde a  DhA  to  single-stranded 
L'Un  in  alkaline  solution.  DhA-strand  breaks  may  be  present  l  n 
situ  oi  result  r r cm  hvoroivsis  cr  a  I  ka I i ne - I  at i  I e  sites  in  the 
DhA  mcierule  . 

T  he  rol  lowing  stoci  solutions  were  used  i  r.  the  alkaline 
unwinding  assay:  <  i  >  1  EC  mM  ha C  I  .  1  .  t>  mM  ha  •  EDI  A  ,  pH  6 .  c  :  v  I  I  >  «C 

ir,  fi  hauh.  .  u  ha  C  1  :  (III;  1C  C  mM  haiijfu*.  l.C  M  NaC  i  . 

Sacrifice  or  animals  and  pieparatior.  or  liver  samples  was 
conducted  in  suodued  lighting  (indirect  incandescent  lighting)  to 
avoid  t  he  introduction  ot  strand  breaks  t.  L'V  irradiation.  T  tie 
live  is  were  immediate!,  removed  Iron  tfie  animals,  weighed,  ana 
rir.sed  l  r.  ice  co  i  d  solution  I.  Connective  tissue  way  removed  by 

using  a '  ics  co'o  tissue  press  'Harvard  Apparatus.  Millis.  MA > 

equrppec  wilt,  a  stainless  steel  mesh  sieve  ,i»h  l.C  mm  diameter 
holes.  Cue  portion  or  liver  tissue  was  diluted  w  i  t  f.  nine  volumes 
iw  vi  c:  ice  cold  solution  I  arid  tissue  susreni  i  ons  were  prepared 
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:a 


with  a  single  stroke  ot  the  pestle  ot  an  ice  cold,  hand  held,  3C 


ml,  hotter -Elvehiem  tissue  grinder.  The  samples  were  then  placed 
on  ice  tor  one  minute  to  allow  debris  to  settle.  After  one 
minute,  the  upper  most  layer  or  the  suspensions  were  withdrawn 
and  vigorously  pipetted  into  one  ml  ot  ice  cold  solution  II. 
The  samples  were  allowed  to  sit  on  ice  tor  L  hrs.  without  further 
agitation.  The  samples  were  neutralised  by  rapio  addition  ot  one 
it:  i  portions  or  ice  cold  solution  Ill.  Samples  were  immediately 
sonicate;  tor  t  seconds  to  shear  the  partial  I  >  unbound  DlJA  into 
small  pieces  or  aoub  1  e-stranded  t  L<£  .  ana  s  i  ng  i  e  -  s  t :  anaed  <  ££  ■  DNA 
rAhnstror  and  Erixsor..  19&1:  Rydberg.  leTLi.  lr,e  neutralized 
seir.pl  es  were  split  and  one  portion  was  anal  veto  tor  total  DIJa 
content  and  the  second  anal', zed  tor  1>S  bt.A  tol  lowing  extraction 
or  £■•  bi.-  »itfi  phenol.  Protein  and  lipids  wet  e  remo.eo  O', 
e  i  £  these  samples  w  1 1  h  one  ml  portions  cr  ct.  loro  tor  m. 

bl«  -  was  assa.ea  using  oetaro  and  Morle.’s  *  1  ir  “ •  me  a  i  t  i  :  a  1 1  c  r  ci 
i.issane  arid  Kotins’  'l^SE'  d  i  am  i  no  tenzo  i  c  azio  t  i  o.i  omet  r  l  c 
assa-.  Trie  traction  or  DNA  unwcuno  was  caioulateo  as  t  r.e 

traction  bUA  unwound  equal  to: 

i  T.  |  g  i  L -  -  b  C'  C'NA  1 .  "  Total  *  be  Ll.A  )» 

i  Total  Li.-.  1  l  Total  DNA  j 

..r.t.e  tie  subscript  indicate  the  amount  oi  double  stranded  L'f. a  at 
time  v  and  "  t "  refers  to  the  incubation  time  l  r.  alkaline 
s  o  1  u  ♦  l  e  r  . 

Se  r  uc  E  r  z  ■  m  e  D  pteimin  at  ions 

Animals  treated  in  a  parallel  fashion  tc  these  used  tc 
determine  t  tie  ££fc  in  hepatic  1>NA  were  sacrificed  at  „**  rioui  s 


after  a  challenge  dose  of  TCE  or  its  metabolites  to  determine 
whether  increases  in  aspartate  ami  no t ra ns r e r ase  <AST>  ana  alanine 
am  1  no  1 1  a  r.  s  t  e  r  a  s  e  (  ALT  >  enzyme  levels  provide  any  indication  or 
hepatic  iniurv.  Blood  was  drawn  from  the  interior  vena  cava  and 
the  serur  separated  bv  cent r 1 r uga t i on  ana  assayed  tor  serum  ALT 
and  Ai'  levels  using  diagnostic  kits  purchased  trcir  Sigma 
Chemical  Co.  These  assays  depend  or.  cpectr  ophotomet  r  i  c 
de  t  e  r  ir  i  r  a  ♦.  1  on  or  the  decrease  ot  MADK  that  results  rror.  coupling 

the  am  ir. :  transferase  activity  to  the  reduo  tier  or  its  products  bv 

maiate  ce  r.vdr  ogenase  and  lactate  dehydrogenase  respective!.. 

RESULTS 

Re.  simplicity,  increases  in  the  rare  cr  £>I»A  unwinding 
u n a  e  i  a  .  t  a  I  i  n  e  conditions  will  be  rererred  to  as  increases  in 

s  i  tv*  i  s  -  s  •  .  a  no  breaks  t  SSE  ■  l  r.  M</-  .  S£r  ha.e  teer  demonstrated  to 

ce  the  m.  a  ioi  I  actor  involved  in  increased  rates  or  alkaline 
uri.ir.ai'  ;  «  K  ,  d  b  e  r  g  .  1'j'i  i  . 

1  ;  s  iii  duces  SSE  in  rat  hepatic  Lt.-  i_n  v  i  v  c  >  F  i  g  .  1  i  .  a. 

single  oral  dose  ct  mmol /kg  TCE  significantly  increased  SSB 

reiati.e  to  controls.  tcscs  or  S.6  anc  11. a  mmol -kg  TCE  were 

without  effect.  In  a  subsequent  experiment  iFig.  £>.  t  fie 

iritern.eo;ate  dose  cr  mmci  kg  wa?  also.  round  to  induce 

significant  j  n  SSB. 

f  l  e  •  eta  i  I  1 1  a  I  p-r  e  t  r  eat  merit  is  known  to  alter  the  metabolism 

of  TCt  ‘.iller  arid  Guen  fetich,  lied  i .  Tc  in.estigate  the  role 

% 

me*at>ci:sP'  ot  TOL  niigfit  play  in  the  lnojctior,  c.  r  SSE  rats  were 


pretreated  with  SO  mg/kg  phenobar bi ta I  li.p.)  tor  4  days. 
Phenobar t 1 ta  I  pretreatment  lowered  the  dose  ot  TCE  required  to 
produce  significant  increases  in  SSE  to  11.4  mmol /kg  on  the  fifth 
da-,  (Fig.  1  )  . 

Ethanol  p r e t r ea t men t  is  also  known  to  modirv  the  levels  ot 
F-46C,,  :r.  the  liver  (hoop  et  si..  1961:  Ryan  et  a!..  196-*/, 
changing  the  metabolism  ot  a  different  set  or  substrates. 
Therefore,  we  examined  the  ability  ot  ethanol  p>r  e  t  r  ea  tr.er  t  s 
<  6  .  v  g  ►  g  x  14  d  a  v  s  >  to  modify  the  indu:*  :  :n  ot  SEE.  A  r  i  n  r ;  e  a  s  e 
meai.  i  a  *  e  o  J  alkaline  unwinding  was  o  t  s  e :  .  e  3  (Fig.  1  .  tut  it  was 
smaller  than  that  observed  following  p he not  a r ti ta i  pret reatment 
and  was  rot  statistically-  significant  tier  tne  rate  ctser.ed  t  r  oir 
v  e  r.  j  •;  I  e  -  p  r  e  t  r  e  a  t  e  d  animals. 

Gi.er.  the  observation  that  P'henobart  :  ’a  l  lowered  the  dose  of 
iCk  required  *c  increase  SEE,  tf.e  influence  ot  prior  ooses  of  TCE 
or.  t r. i  s  i  esf  or.se  was  determined.  As  p  ie/iousr.  m e  r  t  i  c  r. e a  doses 
or  o.-  and  11.4  mmol,  kg  TCE  were  without  etieot  when 


e  used 

r;r  the  pret; eat, -f 

h  t  .  i  r. 

.6  m  m  O'  1 

ig  or  11.4  mr:i  ►  g 

TCE.  a 

•  f 

sV 

ss 

or  TCE 

also  increasea  tr.e 

n  u  it,  t  e  r 

rS 

v 

a  s  sume  s 

tr.et  t  t,e  t  c  ur  t  r. 

dose  ct 

$ 

13. «  mm;  .  kg  TCE  was  as  eitective  as  tf.e  t  l  r  t  h .  it  wouid  appear 
from  the  control  data  that  the  SEE  produced  t.  tne  fourth 
puetreatrent  dose  were  repaired  bv  trie  tine  ct  measureiren ♦  >i.e. 

£6  hr.  after  the  last  P' retreatment  dose). 

T  he  above  data  suggested  t  he  t  a  it  e  t  ato  I  i  t  e  .  produced  a» 


it: 

J? 


higher  rates  in  phenoba r b 1 ta  1  and  or  TCE- pr e t r ea t ed  animals,  may 
be  responsible  tor  the  SSE  observed.  Consequently.  the  ability 
of  stable  metabolites  ot  TCE  to  cause  SSE  in  hepatic  DNA  was 
evaluated.  The  dose  required  to  increase  the  traction  ot  DNA 
unwound  in  hr  to  u.a  was  used  to  compare  the  potency  or  the 
metabolites  tested.  In  male  Sprague-Daw I ey  rats.  DCA  appeared  to 
be  the  most  potent  ot  the  four  metabolites  tested.  A  dose  ci 


t  .  3  £■  m  ir  c  . 

kg  DCA,  1.9  mmol 

k  g 

TCA.  or 

2.9  mmo 1 / k  g 

CH 

p r  oduce 

a  s 

nr  uo  r.  I  N- 
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ted  i F i g . 

a  )  . 

1  he 

t 1  me  cour  se  ot  a 

1  k  a 

line  unwinding  or  hep 

b  t 

1  c 

DNA.  r 

r  err. 
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pattern  response  was  otserveo  tv  Morris  ar.o  ire:  i;er  <  1  r  £  • 
.itt  N  -  r. :  t  r  o  s  c  d  i  m  e  t  h  v  I  a  it.  1 1 1  e  . 

1c  ce'.ei  mine  whether  r.e  ratio  iniui.  occurred  *  i  t  h  t  ti  e  doses 
ustc  ir.  ’ns  .aricus  £SE  experimen  t  s  serum  ALT  ana  a£1  te.els  were 


mc.ni  tore:.  TCE  increasea  the  serum  ALT  and  A  £"i  le.eis  c  r.  i  v  aitei 
phenol  a: t  l  ta  I  p  r  e  t  r  e  a  t  me  n  t  and  at  t  he  h  l  g  h  dose  or  jiC  mmol /'kg 
'Table  i  .  Neither  ethanoi  or  TCE  pr  e  t  r  ea  ♦  me  r.  t  resulted  in  an. 


v>' 


ir.creases  i  r.  these  serum  enrvm.es  following  tr.e  ct.aiienge  doses  of 
lik  acrimstered  i  Tab  I  e  ..  >  .  CH.  DCA.  and  1C  A  also  railed  to 

increase  serum  ALT  and  AF1  levels  following  acute  a  dm l n l s t r a t l on 
liable  i  . 

Ir  BEC  of-  1  mice.  TCE  produced  increased  rates  or  DNA 

it? 


unwinding  following  the  administration  of  a  dose  or  £.6  mmol/kg 
TCE  ana  above  iFig.  & >  .  Therefore,  mice  are  substantially  more 
sensitive  to  the  induction  of  SSB  in  hepatic  DNA  than  rats. 
Doses  above  Li.  a  mmol /kg  TCE  were  lethal  to  mice. 

The  responses  or  mice  to  oral  doses  oi  the  metabolites  or 
ICE  displayed  a  onterent  order  of  potency  than  in  rats.  The 
doses  required  to  increase  the  fraction  or  DNA  unwound  tc  C.a  was 
v  .  1  mn  ;  i  *■  g  for  TCA.  C.b  mmol /kg  tor  DCA.  ana  _.  ~  mir.c-i  ►.  e  tor  CH 
'Fig.  :  It  is  clear  r i om  these  data  that  there  is  a 
substantial  difference  in  species  responsiveness  tc  TCx-induced 
SEE  1  n  hepatic  DNa  . 

DISCUSS  1  ON 

The  present  study  demonstrates  that  TCE  is  cat  able  cf 


rnduci  t'. g 

£■  ;■  t  l  r.  hepit  ic 

DNa  cl  both 

mice  a  no 

rats  i_r_  .  l  /c 

*  1  r, 

U.l  5  11 

•estimation  mice 

appear  to 

be  mere 

s e r, s  l  t  i  .  e  to 

the 

e  i  i  e  :  t  s 

or  TCE  than  rats. 

W  a  1  1  e  s  i  1 9 

66 i  a  1  s  c 

demonstrates 

t  h  e  t 

t  tie  r  e  w  i 

s  a  linear  inci 

ease  l  r,  the 

level  o t ,  S 

St  l r  moose  i 

i  v  e  j 

DNA  tc. lowing  l . f .  administration  or  TCE.  He  also  reported  that 
the  strata  Creaks  are  repaired  within  Lw  hours,  consistent  with 
observations  maoe  in  the  rat  in  the  present  stuav . 

The  increasea  number  ot  SSB  prc,°uc6'“  bv  TCE  tol  lowing 
F' he  no  be  :  b  i  t  &  I  pretreatment  suggests  that  m&tabclic  activation  is 
necessa;.  lor  DNa  dan: age  to  occur.  Several  studies  have  reported 
that  covalent  binding  to  exogenous  DNa  tax.es  place  in  the 
presence  ot  liver  microsomes  rCunnrngham  et  ai..  l at  1 : 


DiKenzo  et  al 


•  I 


Bergman.  1965 ) 


The  lack  of  demos t r ab I e 


1962 ; 


binding  i_n  vivo  suggests  that  the  DNA-binding  observed  in  these 
1 n  vitro  studies  are  not  directly  related  to  the  induction  of  SSB 
reportec  in  the  present  studs.  It  is  presumed  that  such  binding 
would  involve  the  epoxide  or  acid  chloride  intermediates  in  TCE 
metabolism,  whereas  the  present  data  indicates  that  the  more 
stable  metabolites  can  produce  the  errect  at  low  ocses.  The 
mechanism  bs  which  £££  are  induced  bs  these  agents  requires 
further  studs'. 

Ur,;  ike  pr  e  t  r  ea  t  men  t  s  with  phe  noba  r  b  i  t  a  1  cr  ICE.  ethanol  onls 
slight  is  increased  the  ability  of  TCE  tc  cause  SEE  in  L>NA  a 
change  that  was  net  statistically  significant.  The  relative 
ineffectiveness  of  etnanol  in  this  regard  i..a v  be  related  to  its 
capability  ioi  inducing  different  i  scr.res  or  evt ochre  me  F  -  «  E  C 
then  phe - otar b i ta i .  Ethanoi  administration  is  known  to  induce 
a  unique  P-^SC  isocsme  with  specific  cate. .tic  properties 


>  l.o  e  t  a 

1  .  .  19 ST  :  Kv 

an  e  t 

a  1  *  .  i  :(CV  : 

end  l.oop' 

e  t  e  ,  .  .  1 9  c  2  >  . 

Miller  a  r. 

a  Gue-igerich 

>  3  962  1 
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>h=t  cytocfi 

r  o  rr.  e  t  -  » t t  .  t 

IS  UfiUSo  i 

i  y  e  r  r  i  c  i  e  n  t 

in  con 

verting  TCE 

t  c  chlorai. 

Tne  present 

lesults  suggest  that  TCE  induces  a  wider  variets  cr  P-aEC 
isorvmes  than  ethanol  and  that  a  pathway  induced  bs  phe  r.  :  ta  r  b  i  ta  I 
pae  treat  rent  is  important  in  metabolic:  r,  g  TCE  to  me’afc  elites 
capable  cl  producing  L'UA-strand  breaks. 

1  he  most  interesting  aspect  or  this  studs  was  the 
substantial  differences  in  sensitivity  ot  mice  and  rats  to  TCA. 
Utiile  there  was  a  tendency  for  mice  to  be  more  sensiti.e  to  all 
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the  metabolites  that  tested  positive,  TCA  was  almost  2C-told  more 
potent  in  mice  than  in  rats.  These  results  also  parallel  the 

sensitivity  or  these  species  to  the  induction  or  hepatic 
peroxisomes  by  TCA  (Elcombe  196E-:  DeAngelo  et  a  I  .  .  1966). 

Preliminary  data  indicate  that  the  induction  or  5SE  occurs  long 
betore  there  is  any  evidence  ot  peroxisome  prcl iteration 
indicating  increased  be t a -o x i da t i on  or  lipids  bv  peroxisomes 
could  not  account  tor  the  £56  observed  in  the  present  study. 
Although  these  responses  parallel  one  another,  there  mav  be  a 
less  obvious  linkage  between  the  two  responses. 

In  summary,  we  have  demonstrated  that  TCE  is  capable  or 
inducing  £SL  in  hepatic  DMA  ot  mice  and  rats  i_n  v  1  v  o . 
F  r  e  t  r  e  a  t  rr  e  n  t  with  p  h  e  n  o  b  a  r  b  1 1  a  1  or  low  doses  or  TCE.  but  not  with 

ethanol,  decreases  t ne  dose  cr  TCE  required  to  induce  £SE.  This 

suggests  the  involvement  ot  a  metabolite's’  which  is  produced  t\ 
a  pa  t.  hva  ..  that  is  inducible  by  phenotar  bi  ta  I  or  TCE.  Trie  etrect 
coutd  t  e  duplicated  at  much  lower  doses  using  t n e  stable 
metabolites  or  TCE:  DCA,  TCA.  .and  CH.  suggesting  that  one  cr 

moi e  or  these  compounds  are  responsible.  The  vaiiation  in  the 
relative  potency  ot  TCA  in  mice  and  rats  parallels  the  species 
specificity  or  the  he  pa t oca r c l noge n i c  streets  or  TCE.  The 
induction  ot  appears  to  be  independent  or  the  hepa totox i c i t y 

or  these  chemicals.  since  increased  damage  occur  ret  in  the 
absence  ct  significant  elevations  in  serum  A£T  and  ALT  levels. 
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TABLE  1 


EFFECTS  OF  TCE  ON  ASFARTATE  AMINOTRANSFERASE  (AST)  AND 
ALANINE  AMINOTRANSFERASE  (ALT)  ACTIVITIES  IN  SERUM 
FOLLOWING  FRETREATMENT  WITH  PHENOB ARB  I TAL  OR  TCE* 


F i e  t  r  ea  t  men t . Cha 1 

1  enge 
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•»  C 
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k  g 
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Ow  .  i 
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**.  4 
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1  1& 

la 
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SC  .  E 

m  rr,  o  1  / 
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EC 

♦.  ~ 

lc 

♦ 
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TCE  ICE  11. a 

mmo  1  • 

F:g 

c 

E6 

*  t 

la 

♦ 

4. 

*  Values  are  e  xpr  es 

sed  a 

£  •>. 

a  r  me  n  units / m l 

♦  SEM 

1  .alurs  are  expressed  as  LaDue  units  'ml  £EM 

F  l  f • v E  b,  aNu.a  and  Duncan's  multiple  ranre  test 

“  ar.imais  were  pietreated  w  l  t  r,  11.  a  mmol  >:g  TCE  toi  a  os  vs  prior 
c.  a  Qtia  ilei'ije  aosi  ci  TCE 
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TABLE  1 


EFFECTS  OF  TCE  ON  ASF  ARTATE  AMINOTRANSFERASE  (AST)  AND  ALANINE 
AMINOTRANSFERASE  (ALT)  ACTIVITIES  IN  SERUM  FOLLOWING  PRETREATMENT 

WITH  ETHANOL 


F i e  1 1 ea  tment ; Cha 1 I  enge 

N 

AST 1 

wa  *  e  i  1  wee  vi 

C 

6,1  ; 

E t  un  1  veer. 

c 

54  ; 

fc  *  OH  'ICE  11.4  mmol  kg 

c 

4 1  ; 

'  m  in  &  1  kg 

c 

4t 

water.  TCE  1  1 . «  mmcl  kg 

c 

50  ; 

11 . 7  mmo 1 ■  k g 

r 

a6  : 

•  values  expressed  as  descrited  in  Table  i. 

*•  values  expressed  as  oes:r  ited  in  Tatie  ]. 

’  Nc  s  1  gr.  i  l  i  cant  oitteier.res  tcur.d  by  AND. A  and  Duncan’s  multiple 

r  al'n"1:  t  t  5  1  • 


TABLE  3 


EFFECTS  OF  DC A ,  TCA,  TCEGH ,  AND  CH  ON  ASPARTATE  AMINOTRANSFERASE 
i  AST )  AND  ALAN  I NE  AMINOTRANSFERASE  i ALT >  ACTIVITIES  IN  SERUM 


C  ha  I  lenge 


Tween 


33  +  6* 


1C  +  3* 


Dw  a  Ui.fc  mmo  I  -•  k  g  > 


33  *  3 


6  •»  1 


TC  a  (  S' .  1  miro  l  >  k  c  > 


Ay  ♦  it 


1  r  ♦  « 


TCEuh  i  i.  3  m  rr>  c.  1  ■  k  g  1 


36  ♦  a 


CH  '  3  .  a  (Ti  f7.  O  1  /  k  £ 


E.  ♦  1 


*  values  expressed  as  Karmen  units- ml  +_  SEM 

*  .alues  expressed  as  LaLue  units. ml  *_  SEM 

1  No  sign*  leant  differences  found  bv  AND*  A  and  Duncan's  multiple 
range  test. 


Fig.  1.  The  induction  of  SSB  in  ret  hepatic  DNA  by  TCE  end 
■odification  of  this  response  by  phenobarbital  pretreataent . 
Velues  given  ere  the  Beans  froa  at  least  five  aniaals  ±  SEM. 

*  Value  statisically  different.  P  £  0.05  by  ANOVA  and  Duncan's 
aultiple  range  test. 
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Challenge  Dose  TCE  (mmol/Kg) 


Fig.  2.  The  induction  of  SSB  in  rat  hepatic  DNA  by  TCE  and  the 
affect  of  ethanol  pretreatments  on  this  reponse.  Values  given 
are  means  from  at  least  five  animals  ±  SEM.  Ho  significant 
differences  were  found  by  ANOVA  and  Duncan's  multiple  range  test. 


Challenge  Dose  TCE  (mmol/Kg) 


cJh;ban“e  g  ««*  TCE  «* 

•re  the  means  from  at  least  five  animals  ♦  SEM  *  Values  tfiven 


*  Values  are  utatisically  different. 
Duncan's  multiple  range  test. 


P  <  0.05  by  ANOVA  and 
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O  0.3 


*  Controls 

O  TCE  ChaRenge  (11.4  mmol/Kg) 


Pretreatment  Dose  TCE  (mmol/Kg) 


DC*  Jr*  T?mSti0n  br"j!S  »ft«r  exposure  to 

DCA,  TCA,  CH,  TCEOH,  and  TCE  in  rat  hepatic  DHA.  Each  point 

represents  the  mean  from  at  least  five  animals  ♦  SEM  rvZ 
control  value  (  )  included  34  animals.  ~ 
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Fig.  5.  The  effect  of 
unwinding  of  rat  liver  DNA. 
least  four  animals  4  SEM. 


DCA  on  the  tiae  course  of  alkaline 
Values  given  are  the  means  from  at 


*  Value  statisically  different, 
multiple  range  test. 


P  £  0.  05  by  ANOVA  and  Duncan's 


Fig.  6.  The  induction  of  6SB  after  exposure  to  DC A,  TCA,  CH, 
TCEOH,  and  TCE  in  souse  hepatic  DNA.  Each  point  represents  the 
nean  of  at  least  five  aninals  ±  SEM.  The  control  value  (  ) 
included  35  aniaals. 
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